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(54) OPTICAL INFORMATION RECORDING MEDIUM AND ITS MANUFACTURING METHOD 

(57) An optical information recording mecfiurn which 
has a reflecting layer for optically reacting information 
signals. The medium is composed of a plastic substrata 
The substrate is colored with a dye so mat the kind of 
information recorded on the mecfiurn can be visually 
confirmed at a glance whether the information is, for 
example, a game program, musical information, or other 
kinds of information Usually, the optical system of a 
reader is affected and the reader cannot read data eas- 
ily when such an impurity as the dye, etc., is mixed in 
the substrata The influence on the optical system is 
eliminated because the particle size of the dye is 
reduced to 50 um 
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Description 
TECHNICAL HELD 

5 This invention relates to an information recording medium for optically reading out information signals by laser light 
More particularly, it relates to an optical information recording medium which is colored for enabling the sort or applica- 
tion thereof to be instantly determined on visual check. 

BACKGROUND ART 

10 

Among so-called compact cSscs, those discs having aurSo signals digitally recorded thereon have so far bean pre- 
dominant Recently, so-called CD-ROMs raving computer programs or data recorded thereon, have been developed, 
thus increasing the number of sorts and the fieJd of app5ication of the compact discs. 

With increase in the number of sorts and the usage of the compact discs, demand has been raised for providing 
is the CD with some discrimination means. For example, if different colors are afforded to the CD according to the soils 
and the usage, it may be expected that the user is abte to cSscriminate the CD tnstanfly. 

for affoidirtg color to the CD, the simplest and easiest method® to ato a p8a^ 

to. 

Among the methods for coloring plastics, there is known a method of preparing a coloring compound and subse- 
20 quentfy producing a colored molded article by a molding device. There are also krto^n other methods, such as a 
method consisting in nmring postered coloring agents termed a dry color wfth an mm-cotoed resin (dry Wend msStod) 
and in dispersing the resulting mixture by a molding device for preparing a cotared moSded article, a method coasting 
in diluting a coloring agent, obtained on dispersing ta'gfrdensfty dyestuff or pigments* termed a master batch, with a 
non-colored resin, and employing the resulting cSEuted coloring agents for coloring, and a method, termed a Equid ccfor- 
25 ing method, consisting in dispersing a dyestuff and the pigment in a Equxd vehide and supp5yirtg ftie resuming paste-lfc© 
coloring agent in metered quantities using a pump. 

In general, the dyestuff is rearifly cfissoSved in plastics and superior in dsspers&ffify. This a satisfactory colored 
molded s^e may be cbtosd by the dry b2^ 

However, since not only the appearance but also a variety of optical properties are required of CDs, simple appS- 
30 cation of the above methods is not sufficient to give sati^actory results. 

It is therefore an object of the present invention to provide an optica) information recording medium which is colored 
to enable the sorts and the usage eta to be discriminated instantly end whidi has superior cptol properties. Gt is also 
an object of the present invention to provide a method for producing such optica! information recording medium. 

as piSdUPSUREOFTtig IMVEWTIOM 

For accomplishing the above objects, the present inventors have tong conducted a variety of investigates, and 
thus arrived at a conclusion that the particle saze of the coloring matter mixed into the ptesfic sn&sSrate scgniftcaffijy influ- 
ences frta srrcr rate at the time of reproducing daSa torn the cptal information rccoreEng medium 

ao The present invention has been completed bsssd on this information. That gs, the present invention provides an 
optical information recording medium including a plastic substrate colored by admixture c? the coloring matter and a sig- 
nal recording portion from which information signals are optically read out, wherein the particles of the coSoring matter 
admixed into the plastic substrate are not more than 50 ^m in size. 

The present invention also provides a method for producing an optical information recording mstfium inching the 

45 steps of dispersing the coloring matter in a dispersion medium to produce the Ifcpd coloring matter, passing the Equtd 
coloring matter through a fitter for removing coarse particles therefrom for preparing the liquid coloring matter with the 
maximum particle size of the pigments being not more than 50 jim, and supplying the liquid ooformg matter into a resin 
injection hopper of an injection mokSng device for injection molding a plastic substrata. 

Among basic properties desired of the ccJcring matter, such as dyestoffs, employed for coloring pJastic substrates 

so in the present invention, is the capability of withstanding the molding temperature for polycarbonate, as a material off the 
plastic substrate, and of achieving desired coloring. Most important is complete dissolution and dispersion of the dye- 
stuff in the polycarbonate. However, the dyestuff is sometimes left as solid particles, deperttfing upon the sorts of the 
dyestuff. If these solid particles are present, various inconveniences arise in connection with the performance of the CD, 
such as increased error rata 

ss The present inventors have conducted various investigations for solving the above problems and found that the 
above inconveniences arise if the particle size of the soEd particles of the dyestuff present in the polycarbonate is 
approximately jim. The present inventors have conducted various searches for solving the problem. 
These methods include: 
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(1) A method of accelerating dissolution of the dyestuff by strengthening the kneading by the injection moEtfing 
device in case of dry-blending the usual dyestuff with polycarbonate and moving the resulting mass; 

(2) a method of preparing a colored compound with an extruder and molding the resulting colored compound ; and 

(3) a method of preparing a master batch of the dyestuff and molding the master batch. 

5 

The performance of the CD, obtained by the above method, is not sufficient, even if it is slightly improved over that 
of the CD obtained on simply bJemfing the dry color. The possible reason is that, with the above method (1), contorti- 
nation due to the scattered dry color es produced. The major inconvenience is that productivity and economic merit are 
lowered due to strengthened kneading. 

10 With the method (2), an increased molecular weight of the polycarbonate tends to affect characteristics and tends 
to increase the rate of rejects due to contamination. With the method (3), there ia raised the problem of fluctuated dilu- 
tion of the master batch and contamination. 

The present inventors have conducted investigations into a method of preparing a past-like coloring matter by cfis- 
persing the dyestuff in the Gqutd vehcde for injecting the resulting cdorfng msttsr into a to&r portion of a molding device 

is for molding. 

WHh this investigated method, several sorts of the dyestuffe were dispersed into a vehicle by three roils and used 
in the form of a pasta The reject rate of the CDs molded by this method was about S0%, which is not an ecceptfabJe 
valua The poss&Je reason is that part of the dyestuff in the cctoring matter was not fully dissolved and left in polycar- 
bonate as defects wft3 ch were 100 pmcr larger in size and which wsre comprised of coarse partid es as nudei wftfri the 
20 ercduaon of semi-dsssoSved surrounding portions. 

For solving this deficiency, the coloring matter was formed tavi <£^^sedpartic9esofthsdyiSstuff40^orle^En 
size and CDs were mcided in a simDar manner for checking the reject rata The reject rate was found to be no? higher 
than 5%. The present invention has been arrived at based upon these resufte. 

[Vteanwhile, the particle size of the dyestuff in the coloring matter, required in accordance wuh the present invention 
25 differs with the sorts of the dyestuff. The possible contributing fectore are soSubiEty (compatMity) of the dys^u?? wiSi 
reject to the polycarbonate and the melting point of the dyestufi For example, with Solvent R.135, a psrinon-bssed 
dye, adaptability to the properties of the CDs can hardly be obtained. The possible reason is that satisfactory dispersion 
has ratt been adtis^d ©jtceihecfyesMftE&themsKr^ 

the molding temperature of pcJycarbonate. In any case, a method is preferabJy employed in which solid particles off the 
30 dyestuff are not present or at least the particle aze of the soEd particles is not more than 50 u.m in the polycarbonate 
substrate of the molded CD. 

According to the present invention, optional coloring matters, such as dyestuffe or pigments, may be employed. 
Practically, dyestuffe are preferred. Among the dyestuffe that may be employed include anthraquinone, heterocyclic 
methine, pelynon, pelylene or thio-indigo based dyestuffe. If, in edition to the above properties, account is taken c? sub- 

35 limsbilriy posskfy causing ccrrfeminaticn to the msta! mold, th3 anthrai?uinons bssed dyestuffe may be ertumaraisd by 
Solvent Red S, Solvent Red 149, Solvent Blue 94 and Solvent Gresn 3. The hSiOrocydtc based dyesMfs may bs enu- 
merated by Solvent YeGow 33, SaVent Yellow 54 and ScSvent YeJto 105. The methine-based dyestuffe irccfude SoSvent 
Y93 and Solvent Orange 80. The pe!lynon-based dyestuffe may be enumerated by ScJvent Orange 60 and Solvent Red 
135. The peJIylen-based dyestuffe may be enumerated by SoSvent Green 5. Preferred thSo-indigo-based dyestuffe 

ao include Vest Red 1 . Th35o may be used singty or in combinatioa 

According to the present invention, the coloring matter, such as the above dyestuff, is preferabJy dispersed in vehi- 
cles so as to be used in the form of a liquid coloring matter. The vehidss employed indude high-boding organic solvents 
and plasttctzers. The basic desirable properties as the vehicle indude the capability of withstanding the rraftSng tem- 
perature of approximately 300 to 350° C, the property of not causing the lowering of the molecufer weight of the pcly- 

45 carbonate and the property of not affecting mechanical properties of the molded CDs, such as impact strength, thermal 
deformation temperature, cracking or bleeding, to say nothing of adaptability as the colorant that is safety, dispersion 
stability of the dyestuff and meterabiliy by a pump. 

From the above reason, that is in view of availability, cost and various physical properties, the pSasticszers are pre- 
ferred. The vehicles may be used singly or in combiraifcton without any limitations. 

so The ptesticizers, as an example, may be enumerated by phthalic acid ester based pJasticizors, such as diisodecyl 
phthalate (DIDP) or tridecyl phthalate (DTDP), epoxy-based plasticizers, such as epoxylated soybean oil (ESO). 4,5- 
epoay cydohexane- 1 Z- dicarboxyiic add di-2-ethylhBxyl (E-PS), 4,5-epoxy cydohsxane-1,2- cfiiscdecyl (E-PE), g3yd- 
dyl oleate, 9,10-epoxy stearic acid allyl, 9,10-epowy stearic add-2- ethythexyl, epoxytated toll oO fatty accd-2-eihyiheKyl 
and bisphenoJ A gJyddyl ether, phosphoric add ester based plasticizers, such as tributyl phosphate (TBP), tripheiyi 

55 phosphate (TPP), toxyl dipjhenyl phosphate or tripropyiene glycol phosphate, fatty acid ester based plasticizers, such 
as butyl stearate (BS), methyl acetyl ridnoiafe (MAR) or ethyl acetyl ricinolate (EAR), plasticizers, such as tricctyl trim- 
ellrtate, trimelfitic add esters, dipentaerrthrytol esters or pyromeJIrtic acid esters, and polyester-based plastidzers, such 
as poly(propylene glycol, adiptc acid) esters, pofy(1,3- butanediol, adipic add) esters, poly(prcpylene glycol, sebactc 
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add) ester, poty(1 ,3-butanedid, sebadc add) ester, poJyfejrcpylene glycol, phthalic add)ester, p©5y(1 ,3- butansdiol, edi- 
pic acid) ester, polyethylene glycd, atfpc accd) ester or poiy(1 ,6-hexanediol, atiipic ectd) ester. 

Additives may also be effectively added fa affording ease in cSsperscn and storage stab3ity to the vehida 

Th© presarrt invention may b© applied to any optica! irifamaticri recording msdium for optically reading cui infama- 
5 tion signals. For example, it may be applied to an optical disc in which pits in fine form of recesses and lands are famed 
in a plastic substrate and a reJlectiv© layer "es formsd thareon as a signal recording portion, such as a CD cr a CD-ROM. 

Although the foregoing description has been made in connection with the ike of polycarbonate as & material fa th© 
plastic substrate, any suitab3^ 

If, when coloring the plastic substrate oJ tft© epical infamstion recording medium, such as CD, with to coloring 
10 matter, such as dyestuff, the article sse of the mixed coloring matter exceeds 50 pm, the resulting optical recording 
medium is deteriorated in optical characteristics, such that, when data is reproduced ton the optical information 
reoonfing metSum, the error rat© is increased. Conversely, H the partide size of the missed coloring matter is not mm© 
than 50 |tm, sufficient optical properties may be maintained. whBe it becomes poss&Se to suppress the reject rate due 
to increased error rata 

is According to the present invention, since the partide size of the dyestuff mixed into the ptestic substrate is opti- 
mized, it becomes possSrfe to achieve an optical information recording medium whsch © colored fa assuring instant 
judgmsmtof fiie sorts or usages thereof and ^chh^aotfefiB^^cp^ properties. :.- 

As fa the mixing ratio fa the dyestuff, the ratio of 0.05 to 0.2 g of the dyestuff to 14.5 to 17.0 g of the plastic sub- 
strate material is suited fa achieving the object of coloring the disc fa fedBtating 8s visual recognition. Although the 

20 dyes&iR may be added in a vain© more ifran this rang© according to th© application, th© ptestic sukstrat© feel? tends to 
become mechanically brittle. 

3RIEF DESCRIPTION OF THE P RAWING 

25 Rg.1 ts a schematic cross-sectional vsss? shoeing essentia! portions of the opt^c^ preyed the piesent 
embodBmsnt 

BEST BSQBE FOR CARRYM3 OUT THE iMHBaDQM 
so The present invention is hereinafter explained in detail with reference to illustrative experimental results. 

(1) Method fa Purifying Dyestuff 

The dyesSuffs were purged by a purfftcation method empJoying a ScanJet extractor. A cyJEndrical ffitsr paper maraj- 
35 tactured by TOYO ROSH I CO. LTD. was used as a fifter. and a 325-mesh stetisss s3es! screen wss efeo set Th© dye- 
stuff was purified us&ng methylene chloride as an extraction solution under repeated rofluxfng by a mantie heater 
adjusted to 55° C fa removing impurities and faecgn matter. CrysteJ partides of ftie purified dyes&rf? rc^er© taken cu& 
from the round-bottomed flask and dried at 5° C fa 8 hours fa removing methylene chloride fa produdng a purified 
dyestuff. 

(2) Comminution and Dispersion of Dyestuff Partides 

Th© dyestuff produced by the purfficHtron msifrod for th© dysstufi (1) was pre-mixed in th© ptestidzsr (acryEc plas- 
tidzer) in an optional ratio (weight ratio) and dispersed as the dyestuff partid es were comminuted with three roSs. The 
45 degree of comminution was set by adjusting the dearance end the number of times the dyesSuff was afcssd to pass 
through the rolls. The size of the dispersed partides was measured in accordance with the J IS K54G0. 4-4 Method. 

(3) Filtration of Paste-Like Coloring Matter 

so The paste-like coloring matter, obtained on comminution and dispersion of the partides of the dyestuff (2), was fil- 
tered through a 200-mesh fffter manufactured by TOYO ROSH! CO. LTD. 

(4) Coloring Method 

55 A coloring unit was installed at a site where a starting resin material (polycarbonate) was supplied by descent from 
a hopper mounted at an upper portion of an extruder of a molding device, and a paste-like coloring matter obtained on 
filtration of the paste-like coloring matter (3) was mixed into the starting resin material. The coloring matter was previ- 
ously metered in preserved amounts by a metering unit and injected via a nozzle mounted at a lower portion c? the hep- 
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per. The injected coloring matter was affixed to the polycarbonate resin of the starting resin material passed through 
the hopper so as to be introduced into the inside of the extruder. 

The polycarbonate resin of the starting resin material, to which the coloring matter was affixed, was passed through 
a field zone, concession zone and a metering zone in the inside of the extruder and kneaded so as to be injected into 
the inside of the metal mold as a uniformly colored starting material for injection molding. 

(5) Construction of the prepared Optical Disc 

Using the injection-molded polycarbonate substrate, an optical disc constructed as shown in Rg. 1 was prepared. 

The optica] disc 1 was prepared by forming a reflective layer 3 on a polycarbonate substrate 2 having pits 2a in the 
form of recesses and lands and by forming a protective layer 4 of a UV curable resin thereoa The protective layer 4 has 
Hs surface 4a formed as a printed surface. 

(6) Evaluation of the Optical Disc 

If the dyestuff is nixed for coloring the CD. the polycarbonate is not dissolved and dispersed in polycarbonate, 
depending upon the particle size of the dyestuff, such that the dyestuff exist as lumps in the form of foreign matter in 
the polycarbonate substrate. When the data is reproduced from the CD, this foreign matter shields the laser light for 
inhibiting readout of pits recorded on the signal surface of the CD and hence correct regeneration of (figrtal signals. 

Forexarrple, if the dyestuff with a larger particle size is present in the substrate, errors as shown in Tablet are pro- 
duced in the CD player. 



TABLE 1 



conditions 


C1 errors 
(peak value) 


C2 errors 


no foreign matter 


15to30feecond 


0 


foreign matter present 


220/second or more 


1 or more (actual 
number being 105 to 
273) 



If, during readout of signals recorded on the CD. signal readout is impeded due to foreign matter or damages, error 
correction is performed by an error correction circuit provided in the inside of the player. The error correction circuit is 
configured for correcting random errors mainly by the C1 code of the cross interleave Reed-Solomon code (CIRC) and 
for correcting the burst error produced by larger defects by the C2 coda 

The number of corrected errors during decoding is denoted in the columns C1 and C2 errors specifying the mean 
value per second and the actual number of errors per second, respectively. 

The CD player (trade name: CDP-3000) was remodelled and the number of times of occurrence of the C1 and C2 
flags outputted by the CIRC decoder were measured for deriving the values of the C1 and C2 errors. 

The samples with no foreign matter (0 Ce-errors) were treated as being satisfactory and evaluation was made 
based upon the yield of the satisfactory samples. 

(7) Illustrative C o mposit i on of the Dyestuff 

Three sorts of the dyestuff, obtained in accordance with the method descrfoed in the purification method for dye- 
stuff (1), were mixed by weight ratios shown in Table 2. Plural samples of the paste-like coloring matter with the maxi- 
mum particle sizes of 80 urn, 60 urn, 50 fimand 40 jim were produced, using a grind gauge, while the number of times 
of passage through the three rolls and the clearance were adjusted in accordance with the method described in the 
comminution and dispersion of dyestuff particles (2). 
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TABLE 2 



dyestuffs 


composition 


Plastron Red 8350 (arrthraquinone based dyestuff produced by ARIMOTO KAGAKU 
KOGYO CO. LTD.) 


43 wt parts 


Mitsui PS Green BH (arrthraquinone based dyestuff produced by MITSUI TOATSU SHA) 


55 wt parts 


Dia-Resin YeUow F (heterocyclic based dyestuff produced by MITSUBISHI KASEI SHA) 


2 wt parts 



The samples of the coloring matter, obtained by ffitration by the method described in Rltration of the PasteHifee 
Coloring Matter (3), as samples Nos/I, 2, 3 and 4, were molded to produce CD substrates in accordance with the 
method descrbed in Coloring Method (4) abova The m&ed CDs were 

Optical disc samples shown in Frg.1 were produced using respective substrates and evaluated in accordance with 
the evaluation method described above. It was ascertained that the yiefe 
factory yield exceecfing 90% could be achieved for the dyestuff particle of not more than 50 \im. 

INDUSTRIAL APPLICABILITY 

As will be ^parent from the foregoing description of the present invention, the sorts and usages etc. of the optical 
information recorcfing medium can be instantly discerned by admixing the coloring matter into the plastic substrate of 
the optical information recoiding medium, such as CD; depending upon the sorts and usage of the optical information 
recording mecfium. In adtftk^ by optimizing toe partid^ plastic stfretrate, sat- 

isfactory optical characteristics may also be achieved. 

Claims 

1. An optical information recorcfing medium comprising a plastic substrate colored by admixture of the coloring matter 
and a signal recording portion from which information signals are optically read out, 

wherein the particles of the coloring matter admixed into said plastic substrate are not more than 50 pm in 

2. The information recon^ medium portion comprises pits m the 
form of recesses and lands formed on said plastic substrate and a reflective layer formed thereon. 

3. The information recording medium as claimed in claim 1 wherein said plastic substrate is formed of polycarbonate. 

4. The information reconfing med&um as claimed in claim 1 wherein said coloring matter is a dyestuff. 

5. A method for producing an optical inform ation recording medium comprising the steps of dispersing the coloring 
matter in a dispersion medium to produce a liquid coloring matter, passing said liquid coloring matter through a filter 
for removing coarse particles therefrom for preparing the liquid coloring matter with the maximum particle size of 
the coloring matter beir^rxrtrrxxe than matter into a resin inje<^ hopper 
of an injection molding device for injection molding a plastic substrata 
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FIG.1 
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